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(54) A PROCESS FOR THE PREPARATION OF AMEDE-AiOED 
DERIVATIVES OF ajjff-UNSATURATED MCARBOXYLIC 
AND ANHYDRIDE COPOLYMERS 

r^^^^^ Che/vucal Industries Limited of Imperial Ghomical 

Hous^ iMdHairic, Lcradon, S.W.I, a British Qnnpany, do Jiereby^Iaie the flivea- 
Gon, ifor jtoJ^kjwe pray that a patent may be granted to usf; and .-die medwd iby wjridh 
5 mienf perfamed, ico be pardosLM-ly described in airi by tte following state- 

This inwentioo relates to a process for the prcpaiation of amide-'add derivatives 
^XEmRmsg vinyl or vmylidene/dicaiboxyHc az^ydride a)polymers 'Whidi foim 
water-solitble or water-swdlable salts. 

Ti^mMt'Bdd dent^atives iprepared by the process of the imrention axe rnxdcu- 
tarty useful as tludcening agente, EapeciaUy valuable tdhidsenmg agents aire die^de- 
aod deavatrves of mechyl vinyl- ether/maleic anhydride copolymer. 

:Iin adcoidanoe widi die process of the invention these amide-acQd derivatives aie 
^aod by iheating «u:bst^tiaily aiihydfous water-'soluble or water-pweU^le amide- 
tomumfum or alkyl^substituted anude-alkyJanmroniiim salt of ^ altenmting ecrooly- 
mer of an alpiha^beta unsaturated dicaiboxylic add anhydride and a vinyl or 4iyl-. 
idene monoitter at a temperature in the range 70 to 145^. to evolve -anmonia or 
auKyianune. 

The reaction may be represented as : — 
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X-CH— CH 



-NHj,R 



X-CH— CH- 



CONHR 



CQjH 



w4iere X repteaents tiie vinyl residue in Uie copolymer, R is hydrogen or alkvl, and 
n IS aniiintsger greater man il. ■> cr- j , 

i.^^ airndframaonimii or aBcyl-substituted amidc-alkylaimnonium ^ may be 
Jieated m solid ifona, for example as a dry powder on a ttay or in a fluidised bed. or 
•m^^naon m an mm Uqmd,-for example toluene or petroleum edier. Heating under 
teauow prasaBC tfacmtates removal of tire levolved ammonia or amine 

Tie amaieHaoinKMiium or alkyl-substituted amide-alkylammonimn salt may ibe 
wq^ m kro\m mtoner by leactmg nhe copolymer of an alpha-*eta Rinsaturated 
d^^hc add anhydnde aiid a vinyl or yinylidcne monomer ^th aoomonkw^ 

5nM,S'°r"^''T''*^'^™^°''™.^'^ allqri-substituted amide-dfcylammonium salts 
include &e Bmidfr-ammomum and propylamide^propyhmmonkim salts of medivl 
Bfeer/mal^^dride o^pdym^s. The Swunmnniunt^e of^ 
^te/naleic anbydnde and edqdene/maieic anhydride eopolymeis ateo maytc 

^ jnventioii;usuaUy give sohitdons otf. higher viscosity 
than ^lutwnsof -ite.<^jpner:s^ from whidi ibey% derived. TRh^^ u^K- 
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tiiickemng aqueous medk and in ofliesiTCS. Those denvatwes whicJi gwe low vm»- 
^^Sus solutions are vahiabte "phanpng" agenls for l^atba m 
applrations tie luUy substiGrted amide-anniioniuni sals are not 
itMy siAstituted amide-ammoniimi salts, iMioa^ vseM, are not satisfactory because 

5 of tJieiroOTWinifonnooostitutionandstowrateof . . . . „„ 

TheiDTCntionis&rtJierilhistoitedbyt^ 
andperceocascsarebywetg^ 

■Example 1 . 
Tbe amide-anmwmnm salts of samples of water^soloAIe nBthyl vmyl «w"^ 
10 makic aaihwkide alternating copolymers of ■raiious molecular \re^;its were ipiepared 
by suspending 10 parts of oopoljmEr in -100 parts of toluene and reacting with excess 
anmtonk to fonn lie copolymer amide-ammomum salts m suspension. 

TTie amide-add derivatives were piepared iram iJiese arnKte-^mniomum satt 
suspensbns by heating liiem unde* reflux (ca. 110<K;.) with ^ta^Jotjx bo«^ 
15 dSwWA tirnTISnMoia tos evolved. The products were ifceia filter^ off and 
<faied &ee of toluene in air or in a vacuum. Tields of 10-11 parte were obamed. 

Hiese pioducl% which «were sli^tly off-white powders, dissolv;^ m cold water 
(a. 15*C) wifliin 20 mimites. Soiltions were made up to 5% sohds fir me lower 
i«rfecufar mm n>atmab and 1% solids iot the hi^er m^oi^ wogte and ^ 
20 viscosities of tihese solutions were measured uaii« a BnxMdd LV Viscometer 
BtBpeed 12and25°GT!iesesoiationswere&undtohaveapHofW>^ . 

The viscositivcs of these aatidMCid sohidons and tiieir rdatioi^p wim tte vis- 
oosities of the amadMmmonium salt starting materials are summanzed m the foDow- 
ine ^le, together with analyses obtained for these particular products. The theoreacal 
25 composition of fully-substituted aniide-«ad derivative of methyl vmyl ether/mafcic 
anh^ copoW, (C,HxtO,iN)„ is C, 48J5%j H, 6.40% and N, 8.09%. 

Table 
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Sample 1 


Sample 2 


Samples 


Sample 4 


Visoost^ of amide- 
ammonium salt solution 
(cen^)oises) 


47 


512 


525 


7,000 


Viscosi^ of amide-add 
solution (centipoises) 


63 


43,000 


4,200 


19,000 


%sdfaition 


5 


5 


1 


1 


S^ndle 


1 


4 


4 


4 


Analyses 










c% 


46.6 


48.9 


45.3 


47.6 


H% 


6.63 


6.03 


6.86 


6.79 


N% 


8.49 


7.14 


8.28 


9.04 



•phe Mm-ied spectra of these amide-acid deiivatiTes were all similar and when 
campaied to thx)se of the fimide-ammonium salts were in accord with the icransfonna- 

30 tion of the aimmoinimn salt into e free add group. Thus the amadev-anunooium salts 
Showed (djsoiptions Soir l^ie carbonyl stretdhii^ frequencies at 6. 1 u for amide and 6.49/t 
for the carboxylate anion, whereas ft!he amide-acid showed absorptions at 5.9/4 for ifeee 
caibaxylic acid and 6.1^ for aimidie, with no absorpftion at 6.4%. The anride-^add 
spectrum also showed sE^Jit absorptions at 5.45, 5.65/x, jrobably due to traces of imide 

35 or aiihydridB pioduced by further reacdon of the amidfinadd. 

BSAMPLE 2 

• ' A isasnple of the amidenaninioaiuDi salt of methyl 'vmyl edier/maldc anhjrdx&le 

alternating oopolynxear piepated as described far Gemple 3 of EEunpte 1 was dried 
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(free of tohieae and sjpnead out in a tray ^ iieated in an oven at llO^IC. far six bavas 
to give an amide-add derxvatLve of the copolymer. 

The amide-acdd diaivaaive obtained lhad the irfta-ied ^sectnm as the 
amHe-^aidd dtetivatives prepared in Bcampie 1 and its aa&dvsis was C 46J1*/ : H. 
5 €.97%; N, 732%. * 

^ A 5% aqurais salution of ate dersvadve had pH 4 and a viscosity of 4,000 centi- 
poises at 25°C., micasured by a Brool&ild !LV Vfecometer. ^ ^^^sd il2, qadndle 4. 

<BZAMPLB 3 

IP^ybgHtie^iopyJammonhmi salt of the mediyl vinyl cther/maldc 
10 anhydnde aiternatii^ copolymer v^di was med to jH-epaie (the amide-ammomimi 
sal^ san^le 1 m Exsample 1, was pnepiaied by suspmiing 75 parts of the copolymer 
m 500 parts hexane and reactii^ it with 72 parts of oi-propylamane at 70°C. for one 
tour. The solid product was filteredK^and dried in a vacuum. 

5 parts of iihe dried solid dissolved in 95 .parts cold water to give a sohition with 
15 pH « and a viscosity of 52.5 oeairipoises lat 25*^0., measuied by a Brookfield liV Visoo- 15 
meter at speed 12, spmdle 1. 

The propylamide-^dd derivative was prepared from this salt by heating a sample 
of It m an evacuated vessd at a temperataire of JIOOC for seven hours. The prodact 
off-white powder and it dissolved reiadiiy in cold water; a 5% sohitnon had 
W pH 4 aiKl a viscosity of 112 cen}tq}Qises at 250C, measured by a Bioofcfield (LV Visa>- 20 
meter at speed 112, eprndle iL The analysis of ahe prodiKrt was C, 54.75%.; H, «.3&%, 
N, 6.^%> The thearetLoal compoatioa of a fully-si^tuted propylamide-add 
kT^^ vinyl ether/mateic anhydride copolymer, (Ci.H,,'NO,)„ is C, 

/or, «, 7.96% ; IN, 6.51%. 

25 The infra^' apecfinm oif the propylamide-propylammoniami salt showed absorp- 25 

tians of caibonyl stretdhii^ firequendes ait 6:15^ and MSji for secondary tamide, (ab- 
solution for caiboxyhte anion at 6.43/i was probably screened by the 6.45yx secondary 
anmie absorption). The puopylamide-add product diowed an additionSal absorption 
at 5,95}fi, a dhange m aocoid with the piodncckxa of a free CMboxylic add giroi^. 

^ Example 4 30 

The amide-ammomum salt of a vmyl acetatenmaldc anhydride ailtJemating co- 
polymer was prepaTKi as a sluitcy m whiene by the methraf described an Example 1 
A san^le oif this amide-ammonium sak was filtered and <kied in vacuum. It dissolved 
m cold water to g-ive a solution with pH7 and a viscosity, for a 5%' solution, of 1,500 
centapoEses at 25-0, measured by a Bioofcfield LVT Viscometer -v^th spindle 2, 4&ed 35 

fl^slunry of this amide-ammonium salt was stirted and heated undier ireflux for 
seven hours dunng wWdh time ammonia was evolved. Hie pink polymer produced 
was (filtOTed off and- dried Sn vacuum. The prodiKt ^ve an 0.5% solution in cold 
water witii a pH of 4 and a vfeoosity of S8,000 foentDpofees at *25o measured with 40 
BroOKtueM spmdle 4 and at speed 3 . 

• ispeccnum of this product diowed dhanges smiilar to tiiose described 

m -^ample II when compared to that of the amide^aimnonium salt. The amide-^- 
monimn^t showai oarbonyl absorptions at 5:S5^ for the acetate group from the 
« wmyl acetate^envcd component of the copolymer, and at 6,1 and 6.45rforamide and 45 
■MbOQcylic aad amon ic^x^veJy; the produa had no absorption at 6.45^, ^he amide 
iC&.lif*) abwipton nadMoged and the acetate absorption at 5.S5ia was 

^^Ithoncd by the co-oooinence of ihe absorption for oaiboxylic add caibonyl 

•An analysis ^ this product gave Q 4«.85%; H, 5.77%; IN, 6.91%; a fully sub- 50 

S^^r^55%S^^^ ^"^^^ ^ 

Example 5 

'The amide^ammonium salt of ^ eChylene-maldc adiydride altamating ooooly- 
m^ was prepared as a slurry in toluene as described in Eaampte 1. A 5»V mIuSmi off 55 

^® ??7-T? seven bouraj than fittered 

A l% sohition of itihis cxipoiyn^ 
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parts of >caH water. This solution 'had ipe4 and a visoosity <tf 36,000 cent^wises witli 

BtoofcfieM spindle 3, and speed 3. , 

Tiie in&a-red spectra of lie anaadMnmiCHmm salt and amide-«ad ^tojwd fla« 
same caibonyl absorptions as were descfibed in Exanaple 1 for mctiiyl wiyl eCher/ 

' "^ir^ gave Q 47.95%; H; 6.79% andj, 9.95%; a ^fuUy 

sid)sticuced amide^cid derived from ethyiene-maleic anhydnde copolymer srequjires ^ 
50.34%; a 6.34% and N, 9.79%. 

WHAT WE CLAIM IS:— . . ^ i ^• 

10 ii A .proce^ for the prcpara£i<m of an anHde-acM dercvaove of m altenmtw^ 

capolymer of an a^ha-beta unsaturated dicarboxyHc add anhydnde and a -wnyl or 
vinyiMene anonomer cojnprising 'heating a siAstButially aiihy^us wattr-HS»hi>le or 
TOter-swellable anude-amniDmuni or a%l-Bubsdtuted ainidc-alkylanHaranm salt ot 
the altematii^ copolymer at a cemperature in die range of 70 to 145^. to evotvc 
15 ammonia or a%:kmine, • 

2. A process as darned in Oaim :1 wherein ifae amidcHammonwrn or aftyl-sub- 

sritutedanride^alkyJammonium salt is heated in solid form. ^ 

3 A .process as claimed in Glami 2 'wberein tJie amide-anaiionmm or alkyl-suo- 
srituted omdde-^l ammonium salt is iheated ^ a dry powder on a tray or 
20 in a ifluidised bed or in suspension in an inert HquM, eg. toluene petrotam-Biaier. 20 
4. A process as claimed tin any one of Claims 1 to 3 '"toem Ifae amide- 
ammonium or alkyl-substituted aimkie-alkylamnKmium salt is heated «und!er leducsea 
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THOMAS J. REID, 
Agent for the Applicants. 



Printed for Her Majesty's Stationery Office by the Courier ftess, Lea^on Spa, 1971. 
PiiWi^cd by the Patent Office, 25 Southampton Bufldings, Ixmdoi^ WC2A lAY, ftwf 
%Mcti copies may be obtained. 
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A offooess as claimed in any one of Qauns 1 to 4 herein the amide-ammomum 
or alkyl-sSstituted amideKalkylammonium sak is obtained by re^aang t^ie alternating 
copol^isar of an alpha-beta unsaturated dicarboxyUc add enhydncte and a vmyl or 
vinyHdene monomer -witii ammonia or an idkylamine. 

6 A process as claimed in Claim 5 \v3ierein the alkylamine is n^propyJamane. ^ 

7 A process as claimed in any one of dains 1 to 6 "veherein die oepoiymetr is 
a copolymer of maleic anhydride with msttjl vinyl ctlher, ediylene ot -ymyl acetate. 

8 A (process for the preparation of an anride-aod denvatiye of an altepatuig 
coipolymer of an ak>ha-beta unsatmated dicaiboxylic add anhydnde ^d a vmyl ot 
^Hdene moooanOT si^wtantiaily as herein described with refcsrence to die^^mples. 

9 An amide-add derivative of an alternating copolymer of an aipha-beta un- 
saturated dicarboxyHc add anhydride and a vinyl ot vinylidene monomer wiienever 35 
pieparedbyaiprc>cessascIami£dinanyoneafGIaimslto8. ^t- 

llO. A thKfcemng agent comprising an aqueous solution of an amidCHamd dsnva- 
tive as daimed in Oaim 9. 
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